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Evaluation of Chemicals Used for Drinking
Water Disinfection for Production ot
Chromesomai Damage and Sperm-Head
Abnormaiities in Mice

John R. Meier, Richard J. Sull, Judy A. Stober, and Michaei C. Clmino

Toxicology and Microbiciogy Qivision, Heaith Effects Aescsren Laboratory, U.S.
Environmenrat Protection Agency, Gincinnad (LA.M., A.4.3.. JA.S.} anag Departunent of
Molecuar Toxicoloqy, Litton Sionencs, Kensmngron, Maryitnd (M.C.C.;

Chemicai oxidants are commonly added during wame weagnent for disinfection
purposes, These chermcals have not been tested previously for their apility 10
induce genenc damuge in vive, Chiorine (hypucitlorite and fiypochlorous acid),
monociloramine. chiorine dioxide, sodium chlonite, and sodium chlorawe were
svaiumied for induction of chromosomai abesrations and micronuciel in bune
marrow of CD-1 mice, and for inducsion of sperm-head cbpormaiitics in A6C3F!
mice. Oral administranon of chiorine at pH 8.5 (whete nypachiorite predominates)
at dose levels equivaient to approximarely <+ and 8 mg/kg/day induced significant
increases in the levei of sperm-head abnormaiities. There was no evideace of
other effects with any of the disinfecranrs. Halogenated acetonitriles, which have
previousiy been shown 10 form in the stomach foilowing orei dosing of sadiwm
hypochiorite 1 rats, wers aiso iesied in the sperm-head abpormaiity assay bux
gave no indicatior. of an effect.

Key words: water restmens., disinfectanix, chromessemai aberratioss. micTooucici, spern abaur
madities. baiomoeconiiriies

INTRODUCTION

Disinfectant chemicais are generaily added during drinking water t.canment in
leveis sutficient to produce residuai concenmrations of the disinfectant in the distribu-
tion system. One impormant public heaith question perrinent to this practice is whether
the chironic ingestion oi residual leveis of disinfectants resuits in a significant gepetic

Reveived May 10. 1984; revisea and acceoted September 19, 1984,

Micheel C. Cimino is now at the QOffice of Toxic Substances. U.5. Envuonmemal Protection Agency.
Washinpon, DC 20460,

Address reprint requests o foha R. Meier, USEFA. Heaith Effecs Research Labormory, 26 West St,
Clair Street, Cincinnan, OH 45268,

D 1988 Atan . Liss. Inc.
20




202 Meter et al

or carcinogenic harard to the human popuiauon. Both chlonne tpresent during water
treatment as a mixwre of hypochlorous ac:d and hypochiorite: and monochioramine
have besn reported to ve weakly mutagentic (o dactena (Shih and Lederberg, 1976:
Wlodkowsi, and Rosenkranz. 19731 and @ oreferendaily kill DNA repair deticient
strains of tncteria (Shih and Lederberg, {976: Rosenkranz. (5737, an indication of
DNA damage. There is evidence w© indicate chat these offects are not due o the
disinfectants themseives but rather 1o reaction products. Sodium nypocholorite has
been shown o react widh amino asids in vito o form halogenaced acetanicriies (Treny
and Bieber, |981], which possess carcinogenic and mutagenic properdes (Bull and
Robinson, 1985; Meier et al. 1983]. Genotoxic etfects have been gbserved in baceriai
sysieree following chlorination of amino acids [Siissmuth. 1982). Recently, Mink et
al [1983) have demronstrazed the formarion of several halogenated commounds. includ-
ing chloroform. di- and trichioroaceric acid. and di- and michioroacewritrile. in the
stomach comtent or biood piasma of rats following orai administration of sodium
hypochlorite. The present study was carried out 1o determine wiether three ciemicais
curremiy being used for drinking warer disinfection (chiorine. chiorine dioxide, and
mionochiorarine) and two reaction products of chiorine dioxide {chiorite and chlorawe)
induce genotoxic effects following oral adminisgation 10 mice. For this evaiuadgn
mouse bone marrow micronucieus and cytogenetic studies were conducted 10 deter-
mine whethe: the disinfectants were capabie of damaging chromosomes in a somazic
cell type. The: mouse sperm-head assay was used to test the ability of the disinfectan.s
in distunt normal sperm morphology as a measure of mutagenic potental to a germ
czil line.

MATESRIALS AND METHODS
Chemicais

A stock soludon of NaOCl (approximately 31 gliter CI) was prepared by
bubbling €71, into a 1 M solution of NaOH unui pH 12 was reached. The concenration
of chicrine was determined by iodometric tiragon (Method 409A) [American Public
Hezlth Associating. 1975]. Solutions of chiorine for dosing animais were prepared by
adjusting the pH with 2.5 N HC] to either 3.5 (prede. . inant chlorme species: QC17)
or 6.5 (predomipant chlornne species: HOC!), and dilutng with disdiled H.0 o
concearrations of 200 me/liter. 100 meyliter. and 40 meyiiter in chlorine equivaients.
Monachioramina (NH.Cl) solutions were prepared by siowly adding the NaOCl stock
solution w0 1.5 M NH,OH in a moilar rady of 1:l. The Cl concentration was
determined as above. and then adjusted to the same concentrations as those used for
chiorine dosing. The pH was adjusted to 8.5 by addition of 2.5 N HC), Chlorine
dioxide, {C104) sciutions were propared by +zacting sodivm chlorite (NaCl0,; with
H»3Q,, removing ires chlorine with 2 NaClO» wap, and coilecing the generated
ClO+ in distiled H.G. The concertration of C10s was determined by absortance at
359 nm (A359 for | mM Cl0, = 1.10). The concentration was adjusted 10 400 mg/
liter. 200 mgrliter, and 100 mygrliter Cl equivaicnts in distilled H2Q. Sodinm chiorite
and sodivm chiorate (NaClQO,) were obtained commercially as reagent grads chemi-
cais. Sclutions were prepared gravimetnicaily in distlied H,O ut concentrations of
1000 mgyliter. 300 megrEiter, and 200 myliter.

Monochiorvacztonitrile (CH,CICN), trichivroacetonitrile {CCl,CN), aud dibro-
moacewonitrile (CHBr,CN) were purchased fiom Aldrich Chemical Compaay Dici-
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loroacetomtriie 1CHCILCNY was purchased from Pfaltz ana Bauer, Inc. The puricy of
these compounds was found to be greazer than 99% by gas chromatograpiic (GC)
analysis. Brumochioroacetommis (CHCIBrCN) was synthesized in our iaboratories
3t a purity of 97.4% bromochioroacetonitnie and 2.3% dichicroacetonitrtie.

Animais

Male and female 3-)I-week-old Swiss mice of strain CD-1 (Charies River
Breeding Laboratories. [nc.) were used for the micronucieus and bone marrow
aberranon srudies. This randomily outbred smain was selected to ensure genetic
heweroeneity. For the sperm-head abnormality tests, §-11-week-old hybrid mice of
strain B6C3F1 (Charies River: Harlan Industries. Inc.) were selected becquse of their
low and consistent background levels of abnormai sperm. Animals were group
housed. separated by sex and by weanment group. and zilowed food (Purina Labora-
tory Chow) and water ad libinom,

Animaic were dosed by oral gavage with 1 mi of t2st solution on a subchronic
regimen (five dily adminiszrations approximately 24 hr apart). Concurrent negative
controis received deionized water, the diluent of the test solutions. Positive controis
were also included o ensure that the assays were working properly. Generally these
were aiso concurrent. The inwaperitonel (IP) route was used for administration of
the positive controi chemicals since this roue was found to be suitabie for cliziting
consistent, effective responses in ail three assays empioyed.

Micronucieuz Assay

Five maies and five females were used for cach treatment group (three dose
leveis or the test solution and coawois). The positve conmol was | mg/kg triethyl-
enemelamine (TEM) in 0.9% saline, administered IP as spiit dose copsurrendy with
the iast two days of dose adminisrarion of the test solutions. Six hours arter the iast
(fifth) dose administracon. animais were killed with CO» or by cervical dislocadon
and the tibjae sxcised. The marrow was flushed from the bone into centrifuge aibes
containing 3 ml of fetal caif serum. After ceomifugaton and resuspension of the
rarrow. portions of the resuitant ceil suspension were spread on siides, air-dried,
and stained in May-Gruenwaid soiution and Giemsa. One thousand poiychromaric
erythrocyres {PCEs) were scored for micronuciei for sach animal. The percent
micronucieated PCEs per animal was the endpoinr used in evaivation of the daa. The
dama from maie and fernzie animais were analyzed both separarely and combined. A
Student's t-test was used to test for differences berween each trearment level and the
concurTent negauve control. A significance level of 0.01 was used to indicate a
positive response. This levei was chosen w adjust for the muitipie t-tests used.

Bene Marrow Absrration Assay

[n addition to the suichronic dosing regimen described above an acute admin-
istration was 2iso empioyed in this assay. Eigit :inimais (four males and four femaies)
were usec per renment group. Anmais josed acutefy were sacrificed 6, 24, and 48
hr after exposure; animais dosed subchronicuily were sacrificed 6 hr ater the last
exposure. The positive conumi was | mykg TEM in 9.9% saline 2dministered [P as
a one-time (acute) administraton <oncurrenty with the 24 hr 2cute componenz of the
study. Three hours prior o sacrifice, animeis were injected [P with 4.0 mwkg
coichicine to coliect mamphases. Anicials were killed 270 the marrow obmained in
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Hanks' balanced sait soiuton oy procedures sumuiar 10 those aiready described for the
micronucieus assav. Afer cenmifugauon the marrow was reated succassively with
hypotonic 10.075 M) KC! and wath fixauve t3:1 methanoi:acettc acd). After storage
of the fixed materind at +°C for at least overmugr, slides were prepared and stained
with 5-10% Giemsa at pH 6.8. A mitotic index was determuned by scoring the
number of ceils in mitosis based on at least 300 ¢ails, Fifty metaphase spreads were
scared for each animal where potsible for structural and numericai aberrations.
Nurmerical aberrations included cells showing either hyperploidy or poiypioidy. Strue-
turai aberrations included chromosome and chromaud breaks. chromatid deletioans,
fragments, transiocations. triradinis. quadriradiais, puiverized chromosomes. puiver-
ized cells. complex rearrangements. ring chromosomes. dicentric chromosomes, and
minute chromosomes. Four endpoints were evaiuated for statistically significant
differcoces between the response as each treatment level and the concurrent nsgauve
control, using a3 Student’s t-test ar a significance levet of 0.01. The endpoims were
(1) number of structural aberrations present per animai. (2) number of numercai
aberragons presemt per animal, (3) percentage of cells with at [east cne structural
aberration present per animai. and (4) percentage of ceils with (o or more structurai
aberrations per animai. Data for maie and fermnale animals were araivzed both
separately and cotnbined.

Sperm-hesd Abnormaiity Assay

Ten males were used for cach rezement group. At L, 3, and 5 weeks after the
last (fifth) dose administrarion (using the subchronic dosing regimen described above),
animadis were sacrificed with CO-» or by cervital disiocation. The positive controi was
ethyl methanesnifonate (EMS) in deionized water ar 200 mgrkg, administered IP in
five daily doses. A positive controi was used for each kill ume. The caudae epididy-
mides were dissected anq piaced into a pewi dish containing 0.9% saline. After dicing
with a scissors, the suspeasion was gentiy pipetted five 1o six times in and out of a 3-
or 0-wi pipeus. The suspension was strained through a 3C.um siik mesh to remove
tissue fragments. and 0.5 mi of the filtrate was stained i a cenmrifuge mbe with 0.0G5
mi 1% Eosin Y. Slides were prepared from this suspension by spreading a drop over
the siide with three passes of the edge of amother slide. One thoisind sperm-heads
(500 by each of two readers) were scored per animai. where possibie. for sperm-nead
shape zbnormaliries using the categories of Wyrobek and Bruce {1975.]. Either ar
anaiysis of variance procedure or Student’s t-test (o = 1.01) was used to anaivze the
data for differences in the percemt sperm-head abnormalides per amimmi between
treated animals and concurrent conrois. in the case witere reader differsuces were w
be examined. 3 two-way (dose and reader) anaiysis of varianes was done. Ourliers
were excluded trom the analysis. as recomunended by Soares et ai {1979, using
Dixon’s Test for Outiers [Dizon and Massey, 19691 on the set of scores for each
reader at each dose levei. An arcsin transformartion of the data was used to swabilize
the variance for the analysis of variancs. A posirve response was basad upon 2
sigmificart increase ar any dows ievet over the concuitent controt using a significance
levei of .05.

RESULTS

‘The resuits from testing the disinfecrants in the mouss micronuclzus assay are
shown in Table [. QC1™ nroduced statisucally significant sievation at the 0.05 levet
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TABLE L. Activrey of Chemncars Us_d forr Dninkingt Water Disinfection in the Mouse
Microsucteus .Assay

2= Micro~uciexea ceils®: dose ?
Sampie 1) it 1:1 Unaituted

oc- 0.01 = 0.01 0.04 + 0.2 0.10 + 0.03 0.12 = 0.4

HOC! 0.10 = 0. 005 = 0.02 0,06 = .02 0.08 + 0.03
NH-Cl 0.08 + 0.04 0.08 + 0.04 0.04 + 0.02 0.11 = 0.06
o, 0.12 = 0.04 2.10 £ 0.0% 0.08 + 0.2 0.13 = 0.03
c0,” 0.10 = 0.04 0.10 = 0.04 0.14 % 0.07 020 £ 0.07
C0," 0,29 = 0.07 18 + 0.08 2.18 = 0.06 0,14 & .08

Values expressed ax percomt mucronucieated cells. mean per immal = the SEM for both sexes
combinen, Triegrylenerneiamune (TEM) was used 28 2 positive control twice during the course of this
soddy. Adrmunistrapon of “EM at a dose loved of 0.5 mizkwday X 2 gave rise 10 a mean per animal of
+23 % 0.40%.micron. asated cetls, based on 2 wotal of 20 animais,

tons of the undilued samoles eqaai 200 magriter tor OC1™. HOCL, and CINH,; 400 mwy liter -
for C10+; and 1,000 meier for CI0»~ and C10y~. Dose was 1.0 mi of the indicaed soiunons by
ZAVARe 1ot 5 successive dayyl. Bone marrovis were farvesea § hr anter the fnai exoosures.

but not at the 0,01 level in the numiber of nlicronucieated polvehromatic srythrocytes
ar the two hignest dose leveis {or tie combined dat: from both sexes. Since significant
incraases were not seen in cither sex considered separately (dara not shown) and since
the concurrent negarive controi for this assav was low in comparison with the other
controls, the increase in the comined dara was not considered biclogically signifi-
cant. None of the other chemicns tested gave significant increases for either pooied
or individuai sex data. The posidve controi chemicai. riethylenemeiamine (TEM},
induced a significant number of micronuciei at the 0.01 levei of significance for both
male and female animais,

Table II shows the resuits cbuained in the mouse bone murrow cymgenetics
assay arter treatment of anitnais with the disinrectants using either a suischronic dosing
regimen or a1 single aowme dose admigistration (24-hr sacrifice). There were no
significant differences from conmrol for any of the treamment groups in ejther squcnirai
or nutmericai chromosomal aberratons for any of the four endpoints amalyzed.
Negative resuits were 2iso obrained following a singie scute dose adminisoation wirh
cylogenetic evaiuations of animais at sacrifice times of ¢ and 48 hr (data not shown®.
TEM gave rise 10 consistent, significant increases in doth swructural and sumericai
chremesotnai aberrations refative w control.

Oam cbwained in the sperm-head abnormaiity assay at | and 5 weeks foliowing
reanment with the disinfectanrs imdicated 10 treatment related differences in the
percentage of abnormal spermi-heads (data not shown). Table HI shows the resuits
wiiuch were obtained at 3 weeks post-treatment. The negative contro] vaiues, which
detarmined with each chemical assgyed, varied from 0.91% to 3.33% abnormai
sperm. These vaiues wers within the range of luborarory historicai conptrois. Severai
factors are lmown to coruibuwe to variaton in background frequencies of sperm
abnormalities inciuding effects on the animais (eg, age and seasonai effecs [Grabn
and Farringon. 1983)), as well as differsuces among reac'=rs 1 scoring of slides.
Because or differences in time between the testing of differznt chemicsis or retesting
of the same chemical. and because of the invoivement of different scorers for differem
experiments (vs the same two scarers within the same expenment), concurrent rather
than bistoricai control vajues were used in the anaiysis cf the uata. The factors ested
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TABLE [1. Activits of Chemicals Used for Demiking Water Disinfection :wn the Mouse Bone
Marrow Cricgeneis sy

7% Cells a1tn cnromosomay aoerranons™™ Jdose
Dose 14 I:1 UMI!M
type* ) b 3 N S

Suw . . 0.0 .0
Ac X L . 0.5 30
Sub . . . 0.3
Ac . . . .0
Sub . . X . 0.4
Ac . . 0.5
Cl0y Sub A . . 2.3
AC K ., X . 4.0
Ci0.~ Sub K A s R 1.4
Ac A K A 2 .5
Cloy~ Sub la 2.2
AC . 5 1.0 . .t}

— O @
AC OO WO NIy

F WY

L6
1.2

v

1
P}
(9

2y
(=4

*Values expressed as the mean pet xmt of ceils per animal with strucruru (S) or numeneai (N)
aberrstions. Eight animals were used per dose group. Data from botn sexes were combined, Fifty
metacnate ceily were "cored pes trumal, if possible, This was wue in 93'% of the cases.
*Triethviencamelarmune was admunisiered 13 2 positive control by singte [P injecton of 1 merkg, with
ammal sacnfice 14 it laer, The mean®k stuctural and numerieal abberauons form 24 anumus were
33.9 and 7.2, respecuvely.

“Concenmrstions of the undiluted sampies equal 200 merliter for GCI™, HOCL, ana CINHy; 400 mliter
for Cl0,; and 1.000 mgiiter for C10s~ and C10,~. Dose was 1.0 mi of the indicarsd solunons by
gavage.

“Sub = subeirome dosing (5 daily Adminivranions) with sacrifice ot 6 hr followmny the fast doses Ac =
acute dosing with sacnifice 24 hy lacer,

in the analysis for significant differences were dose. reader and a dose by reader
interaction. A significant effect in the dosz by reader interacrion would impiy that the
dose response pattern differed between readess. A, significont interaction or a signif-
cang difference berween readers presented potentiad probiems in the interpretaton of
the resuits for each of the chemicals tested. If the examination of reader differenices
and the overajl resuit indicated that a significant assay response may have been
masked by the-differences befveen readers. then cach reader’s data were analyzed
separawiy.

Even though there were significant reader differences. the comoined dose scores
for OC1™ showed a significant incresse over controi in sperm-head abnormatides tfor
both the medium and high dose leveis. In & repear expenimen: with the sama dose
levels of QC1™ a significant increase over the controis was found at each dose. When
considered separately, the scores for three out of the four readers showed a significont
increase aver the conwois in pereent of abnormai sperm-heads. The overall dose-
response pamters that is evident from both #xperiments with OCl™ indicates that OCI™
increased the percemt sperm-head abnormaiities in 1 dose-reiated manner at doses
equivaient to 1.6 and 4.0 mgrkg body weigiit per day. The leveis of increase vs the
concurrent conwol vajues were similar in both the initai and repeat sxperiments,
reaching about twic= the congol vajues at the 4.0 merkg dose. A higher dose of 8.0
mgrkg resuited in no rurther increases apove that seen ar the 4.0 merkg dose, Based
on these findings of a reproducible. dose-reiated. and siansueily significart responsa,
OCL™ was judged to be positive in the assay.
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TABLE II1. Activity of Chemucais Used for Drinking Wats Disinfection in the Mouse Sperm
Hend Aboormatiiv Assay

% Abnormay sperm-neaa*: dose”
1:3 Iz1 Undijuted

4.07 = 0.39* 1,68 = 0.47%e
1.37 = 0.10*
143 + 0.08
.02 = 0.08
239 = 041"
151 = 0,17
143 = 017
21 =020

.92 = .23

Values exprestexi a3 mean percent OF abnomnal spermebead per ammm = the SEM. Ethyls
methanetuifonate was adnunistered a3 2 posuive controd by [P injecton at 2 dosa 35 300 marke/day for
5 days. Mean response was 18,36 = 4.47% of aboormai sperm.

*Concentrances of the undiluted sampics were 200 meliter for OCI™, HOCL, and CINH,; 400 meviiter
far ClIOw, and 1.000 meniter for C10+™. Dose was 1.0 mi of the indicuea solunions by gavage for 3
successive days. Animals were sacniiced 3 weexy arier the finx} exposures.

“Remal of chemicat,

*Significantty elevated above controd a¢ p 5 0.08.

s=Sigmicantv eievated above control At p 5 0.01. Significant differences wers determined by repestex
meagures ANOVA.

=

L b o d g O
HEBRs&IA2G
W H N H O H R
cpepecens
SRLUGRZ2BSG
Aol SR e
Bhigslkgrl
i b HE M H AR LR B
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e il
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HOCL, the protonated form of chlorine in water, failed t0 produce significant
increases in sperm-head abnormalities. This resuit was somewhat surorising since

OQ1™ should be converted to HOCI in the acid pH of the stomach. Thus, similar
resuits for the two species of chlorine might be expected. However, a repeat experi-
ment with HOC] conrirmed the negative resuit.

The resuits with monochloramine were somewhat ambiguous. In the inidai
assay with this compound significant efevarions in the percent abnormai sperm-heads
over control were observed for both the medium and high dose leveis. When the
resgonses for each reader were examined individuaily, it couid be seen that these
elevations were duz enrreiy 10 the scoring of ane reager. In e reneat assay with this
compoung. there was 110 indication of a positve response using sither rexder’'s scores.
Thetetore, menochioramune was judged to be negadve in this assay.

Chlorine dioxice failed to produce a significant increase in sperm-head abnor-
maiities at doses equivaient to 3.2, 3.0, or 16.0 mgskg/day. Furthermore, n ither
calorite nor chiorate, two inorganic by-pro-ucts of chlorine dioxide. induced signifi-
cant increases in tie level of sperm-head abnormaiides ac doses of 8, 20. or 40 mgf
kg/day.

Because severai halogenated acetonimiles have been shown 1 be formied in vioro
following chiorination of amino acids {Trehy and Bieber. 1981}, and in vivo in rat
stomach contetus {Mink et al. 1983), it seemed possipie that the positive resuits with
hypochlorite in the sperm-head abnormality assay might be amributabie to one or
more of these compounds, Therefors. mone-, di-. and trichiorcacetonitrile; bromo-
chioroacetonitriie; and dibromoacewonimiie were tested for their ability 1o induce
sperm-fead abnormafities in mice. The highest owi dose level for testing these
compounds (ie, 250 mgrkg) was chiosen to approximate the singie orai dose LD,
The LDep values have been determined in mouse for dichloroacemnnitrtie and dibro-
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moacetonitriie 10 be 175 merkg and 295 merke. respectively (L. Condie. personal
commumcanon) and in mat tor monocnioroacetonitriie and tichiorozcetoniinie w be
220 myrkg and 250 morkg, respectiveiy {NTOSH Registry, 1978]. The resuits obtained
at 3 and 5 weeks folfowing administraton of these compounds by orai gavage (o qucs
are shown in Table [V. No treatment-relatec erfacts wers seen witht 2ny of these fiva
commounds.

DISC'ISSION

The present daca indicare that hypochiorite. the form of chlorine that predomi-
nates at normai drinkine water pH. may represery a mutagenic hazud. based on the
resuits of one in vivo test for mutagenic potentiai. Observations of ncreased sperm-
head abnormaiitics in mice at 3 weeks foilowing weotment. but not at | week or 3
weeks, suggests that the erfect may be specific to late primary spermatocytes. a cell
type in spermatogenssis witich undergoes meiotic division and which is subject to
mutation,

Althougn the response observed with hypochiorite was weak. the minimum
dose at whick an effect was seen was refatively low in comparison (o other compounds
positve in this assay {Wyrobek et ai. 1983]. In refation 1o levels of expected human
exposure, the dose leveis cmploved in the present studies were fairiy high. Normaily
in the Usited States chlorine is appiied during drinking water reaoment a1 levels of 5
o 15 mgliter, wiich varies depending on the water source, The residual chiorine
lessis foliowing trepmment are generaily | 10 2 mgrliter. Assuming 2n average drinking
waer consumption of 2 liters per day by a 70-!g man. the aduit human dose on a per
kg basis would be approximareiy 0.03 to 0.06 merke/day. The lowest dose leveis
agplied to the mice were 27 *0 50 times higher, However. exposures were limited to
3 dayv., rather than the lifetime Juman exposures, Fusthermore, considering the one-
hit theory of muretion induction. an etffect seen at these doses may be significant in
tenmns of -, poientiz! hunan risk.

Pe = .fn - . = 3gving to relaw the effects szen with aypochiornite 10
an. - Jinky of the induction of sperm-iead abnormalites as

. . in the Mouse Sperm-Hesd Abnormaiity Aszaye

* “bnormai sperm-nesd mean per ammat = SE: dose (mgrkg/
dav)
"o 12.5 )

i, . .93 + 0.09 0.94 = 0.09

b . 1.20 + 0.i2 1.00 = 0.14

i \ 1.06 = 0.07 LIl =014

4 <WCN . A 1.16 +« 4.10 1.21 2 0.23
CCLEN A4 = 0 0.55 = 0.1 0,38 = 0.02
CCLON 57T = 0. 0.80 = 0.0V  0.67 = 2.06
THCIBICN Tl =0 EA4T =005 131 = 0285
CHCIBCN 21 =0, 1.02 = 014 0.86 = 0.06
CHBH,CN K . 134 = 3,10 0,62 = 0.05
CHErCN 0.67 = 4.07 N.71 = 2.07 .86 = 2.09

*Ethryimertanesuifonse wis JQmBistered as 3 positive conaoi in Give P injectens (24 hr aparz) of 200
maykg. The mean percent bnorma sperm vaiues = SE ranged from 2.36 2 0.47 10 16,03 = 2.23 for
3 weexs post-sqmupistranod ana 4.13 = .52 10 24.79 = 1.31 for 5 weeis post-adnunistranon.
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1 genetic endpomnt. The geneuc basis for the assay has besn discussed in detaii
elsewhere {Wyrobek anu Bruce, [978]. However, the meaning of posiive resuits in
the mouse sperm-head abnormaiity assay 15 currently the subject of debate, and the
assay is sull underpoing dovelopmem and validation. The assay was originafly
developed by Wvrobek and Bruce {19757 as a method for screeming agents with
carcinogenic. mutagemnic, or teratogenic properties. More rerendy, it has been pro-
pesed that the assay may be userui for specificaily ideniying riammaiian mutagens
rather than carcinogens {Jopham. 1980]. This noton is supported by a review of the
avaiiable dae in a recent report of the USEPA’s Gene-Tox Program {Wyrobek et ai.
19831, which shows the assay to be hignly sensitive to getm ceil mutagens bur not to
carcinogens. The speaiicity of the assay for detccting mammaiian mutagens has not
been round to be good (ic. high number or faise positives): but because of the limited
daa basc invoived. this finding requires further assessment. Therefore. it seems
prudent ar the present time 10 consider the positive test resuits with hypochlorite in
this assay as presumptive cvidence for the mumgenic potentiai of this compound.

Because of their reactvity it is uniikely that substangai levels of unchanged
disinfecrams couid acruatly reach the testes. In fact, when chiorine {either at pH 6.7
or at pH 8.5} was aflowed to react with stomach corents of mice in vitro at levels
comparable 10 those used in the in vivo assays (ie. | mi at 100 mgrliter), no fres
chiorine residual was detectapie within 10 sec, the shortest time that could be
measured. Thig resuit indicares thar the positive resuit obtained with QCl™ in the
sperm-head 2bnormality assay is most likely amyibutable to the formation of chiori-
naton by-products(s). The difference in resuits at pH 8.5 vs pH 6.5 indicates that the
reaction between OC1™ 2nd stomach comteass is rapid compared to its expected
conversion i HOCI at the acid stomach pH. and suggests a difference in th: types of
by-produers produced with OCI™ vs HOCL. Recenty, Mink ot al [19831 have ident-
fied a number of halogenated organic compot.  ‘hat were fonned ugon e inmba-
ton of rats with high doses of chiorine at pii . * _nchuled in the by-products were
holoacesomiriies and trihaiomethanes; chemicais that possess both carcinogenic and
muiagemic properties. [t was of intersst to know to what extent the sperm-head
abnormality induction observed with OCI™ couid be accoumed for by these com-
pourds. The resuits from the present sy indicate that none of the haioacetonitriies
tested exuibii evidence for spemm-head abnormaiiry induction at the doses ieveis t=sted
(Tabte IV}. Chlomfurm hus been previously found to be negarive for inductiot of
speeoy-sead abne. malides ia mice in one study {Topham. 1980). A recond study fousd
suristically significant, ejevarted levels of sperm-head acnormalities in mice exposed
to air concentrations or 0.04 and 0.08 percem: of chioroform, 4 hr/day for 5 days
{Land er ai. 19811, However. it is uniikely that the doses of OCl™ in the present smdy
could produce sufficient chioreform to mawch the doses invoived in s Land et al
[1981} smady.

QObservanon of maxima in the dose-responss curves for two exgeriments with
OCI™ suggests a proceass that limits the response 0 rather low levels of exposure. A
variety of exDianarions exist for such a dose-response curve. Howaver, if the evicors
are to be accounted for by reaction products with organic consrituents in the gastroin-
testinal tract. the response would most likely be limited either by the availability or
reaciant(s) or oy the face that 3 product(s) formad at iow concentrations of disinfectant
is destroved at higher concentrations. In either case. the product(s) forned must be
present in low concemrations. This obviousiv will make idenrification of these pred-
ucts difficuit.
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Falure of any of the disinfectanmts o induce chromesomai aberratons or in-
crensed nmbers of Micronuciei in the bone marrow of mice would suggest that they
lack claswogenic actvity. However. it snould be pointed out that these experiments
were conducted at doses that did not produce any overt toxicity or [ethality. The doses
possibie within the context of these experiments were limited o stable coneentrations
of the chemicais that couid be produced in aqueous soiution. Allernative solvencs
(organic) were not possibie because of a hugh iikelihoon 3t reaction with the disinfec-
tants, Severai explanations are possiple to account for the facr thar OCI™ did not show
evidence of clastogenic <ifects in mouse bone marrow but did induce significant
increases in abnormai sperm. using similar dosing regimens. The different assay
resuits may rerlect differences in assay sensitivides. The work of Bruce and Heddle
[1979} from tests of 61 compounds indicates that the sperm morpielogy assay has a
giearsr success rate than the micronucieus assay for detecting agents that are active
in viva. The differences in assay detection capabilities may resuit from the fact thar
sperm-head abnormalities are thougnt 1o anise primariiy from point mutanons rather
tnan from gross chromosomai damage (Wyrobek and Bruce, 1978]. There also may
be differences in suscepdbility owing to the strain of mice used (BSCIF1 vs CD-1),
or in riie tissue disnibution or mewboiic capacities of the bone marrow vs estes that
may inluence the specificity of these tissues as targets for the disinfectant by-
products. Finally, it shouid be noted that the detection of a sigmificant response is
dependent on the power of the smtisticai evaivations invoived in ezch assay. This is
apparent from examining the minimum difference berween weatmenz and negatve
comxoi animais which were required for a resuit 10 be considered stansticaily signifi-
cant. The minimum differences for statistical significance at the 0.01 level ranged
from 0.041 10 0.285 for the micronucieus assay resuits (Table D), 1.5 to i0.4 for the
bone marrow cytogenetic assay resuits (Table i), and 0.24 to 2.605 for the sperm
morphology assay resuits (Tables OI. IV).

[n summary, it appears that the drinking water disinfectant most widaly appiied
in the United Stares is capaiple of producing posidve resuits in one in vivo bioassay
for mutagenic chemicais, Further snudins are needed 0 confinm this resuit in other
mutagonai test systems., esveciaily in view of the indirect namre and uncertaincy oi
sperm abnormaiiry induction as a genenc endpoint. At present it is not possible to
project from tiese data the degree of hazard thar may be impiied in 1erms of increased
carcinogenic and/or rutagenic risks associated with the use of chiorine. Furthermore.
a more precise understanding of products formed by reactions of OCl™ with organic
coastituents in the gastroiniastinai act is essenttai o the determinaton of whether
such risks, if confirmed, outweigh the benerits of disinfection (in terms of prevenung
waterborne inf*  10us disease) or hazards that are associated with aiternative disinfec-
tants such as Cl0- (eg, hemoivtic anemia and hypothyroidism).
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